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Soil and water are vital natural resources on which agriculture sector growth and village livelihood depend and 
having the proper knowledge of the Soil, Plant, and water relationship are extremely important to achieve 
sustainable agricultural productivity. Pakistan has entered the 21st century with the rising challenge to meet 
food and fiber requirements for its population for domestic consumption and export. Without having appropriate 
knowledge about the intense water need of plants, most of the agricultural land in Pakistan is still being irrigated 
by conventional methods, which in turn produces so many problems and reduces the agricultural productivity 
putting extra stress on the country’s economy, so to avoid these issues, it is extremely necessary to provide the 
required quantity of water to plant, which will only be possible by consideration and accurate estimation of 
Evapotranspiration of plant so to enhance awareness and practice of water-saving agriculture in Pakistan to 
increase the agricultural commodities. In this study, estimation of Actual Evapotranspiration ( ETa ) of Malwah 
Distributary located in Shaheed Benazirbad, Sindh was selected from Command area of Rohri Canal, ET of four 
different crops; Cotton, Fallow, Rice and Sugarcane for the period of Rabi 2019-2020 and Kharif 2020 was 
estimated by using satellite-based evapotranspiration mapping tool namely METRIC REFLUX. The actual ET 
for each season was obtained using the Reference ET fraction (ETrf) of satellite data and reference ET(ETr) 
obtained from the literature. The classified crop mask was obtained using maximum likelihood classification on 
bands 8,4, and 3 of sentinel-2 images of the year 2020. The overall accuracy obtained is 93% with a kappa 
coefficient 0.921841. The average Actual Evapotranspiration of different crops namely, banana, cotton, rice, and 
sugarcane were found to be 1527.2 mm, 536.6 mm, 386.80 mm, and 814.02 mm. 
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1. Introduction  
The usage of fresh water for various purposes such as to irrigate the agricultural lands, fulfilling 
industrial as well as anthropogenic water demands make it to be a scarce resource and on the other side increase 
in population have placed extra stress on it, so to feed the growing population it is very essential to conserve it 
efficiently and effectively. Soil and water are important natural resources on which agriculture sector growth 
and rural livelihood depend. Conserving these vital natural resources is very critical for achieving current and 
intergenerational food security and high productivity goals. Optimal use of these resources would not only 
ensure continued availability of the basic human needs for food, fiber, and shelter but also improve the overall 
ecological environment. 
Without having appropriate knowledge about the intense water need of plants, most of the agricultural 
land in Pakistan is still being irrigated by conventional methods, which in turn produces so many problems and 
reduces the agricultural productivity putting extra stress on the country’s economy, so to avoid these issues, it is 
extremely necessary to provide the required quantity of water to plant, which will only be possible by 
consideration and accurate estimation of Evapotranspiration of plant so to enhance awareness and practice of 
water-saving agriculture in Pakistan to increase the agricultural commodities. 
In the context of global water scarcity and climate change, a deep understanding of the water 
Consumption of different crops and the influences of meteorological factors is increasingly necessary to realize 
the scientific allocation and utilization of limited water resources that are the basis of maintaining the stability 
and achieving the goals of sustainable development. The need for better knowledge of the distribution of surface 
water resources is particularly acute, given population growth, the uneven distribution of water supplies, 
:: IJIEEB :: 
(International Journal of Integrated Education, Engineering Business) 
Volume 04 Number 02 September 2021 
This work is licensed under a Creative Commons Attribution-  ShareAlike 4.0 International License. 
ISSN : 2615-2312 (ONLINE) 





ongoing climate change, and human interventions a serious threat to agricultural production (Vörösmarty et al., 
2000). 
 
2. Materials and Methods 
2.1. Study Area 
 
Fig 1 Study Area Malwah Command Area 
 
In this study, Malwah Distributary shaheed benazirabad, Sindh, is selected for the study area. It off takes 
from Rohri canal towards west. The head off the distributary starts from thulh minor coordinates (26°31´28.30″  
N,68°6´23.49″ E) and tails reach the distributary with this coordinate (26°14’53.69” N,68°3’41.60” E) and come 
closer to the Indus river Pakistan. Surface and Groundwater are the sources, through which agricultural lands are 
being irrigated in that region. The study area lies along the rohri canal and crops that are produced mostly in the 
region are banana, cotton, sugarcane, and wheat. 
This area is categorized under a hot semi-arid climatic zone of Sindh. The climatic regime for the study 
area is classed as a subtropical continental low land type which is typically characterized by hot summers and 
mild winters. The warmest month are May and June with the temperature rising above 45° C. 
Pakistan has an arid and semi-arid climatic zone, where rainfall pattern is uneven or sometimes occurs in 
monsoon season, due to which, most agricultural lands are irrigated by surface water. Which had produced an 
extra shortage of water availability. So, to save water for the upcoming generation it is very necessary to take 
into account the actual need and timely provision of water to plants that will surely be one of the best decisions 
that will trigger the agricultural productivity among the culturable command area of Malwah distributary. 
 
2.2. Datasets 
The data contain satellite imagery of ETrF for both the Rabi and Kharif season for the year 2019-2020, 
downloaded from METRIC EEFlux (Earth Engine Evapotranspiration Flux), ArcGIS was used as a tool for the 
image processing and analysis of multispectral images with METRIC (Mapping Evapotranspiration at high 
Resolution with Internalized Calibration) model (Kadam et al., 2021). 
Several field visits were conducted to determine the crop type on various fields within Malwah command 
area. GPS points were marked using Garmin GPSMAP 64st (Zhichkina et al., 2020) and the data collected was 
used in crop classification and its accuracy assessment as described in the later section.   
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2.3. Crop Classification and Accuracy Assessment 
Supervised classification was implemented using Red, Blue, and NIR bands in a layer stacked image and 
then clipped to extract the study area. Sentinel-2 was used to derive satellite imagery in the study. The Band 
combination of 8,4,2 namely Red (R), Blue (B), and Near Infrared (NIR) was used for the stacked image in the 
process of classification. 
Five general LULC classes including Fallow, cotton, rice sugar cane, Banana were utilized in this case 
study. For each LULC class, at least 15 samples were collected and utilized for the classification of both images 
in ArcMap and train the samples for the stacked image. 
Maximum likelihood classification (MLC) is the most common classification method introduced in the 
literature (Benediktsson et al., 1990), which uses the statistics for each class in each band as a normally 
distributed function and computes the likelihood of a given pixel belongs to a specific category based on the 
following equation no (i) (Elhag & Boteva, 2016): 
                
 
 
       
 
 
           (x-mi) ………….. (i) 
Where, 
i = class 
x = n-dimensional data (where n is the number of bands)  
p(wi) = probability that class wi occurs in the image and is assumed the same for all classes  
|Σi| = determinant of the covariance matrix of the data in class wi Σi-1 = its inverse matrix mi = mean 
vector. 
After generating LULC images, an accuracy assessment for images was carried out. 
 
2.4. Estimation of Actual Evapotranspiration 
Crop Actual ET was estimated for four different stages as described in (Allen et al., 1998). Accordingly, 
the ETRF Satellite data were acquired and processed for the calculation of the average Actual evapotranspiration. 
Reference ET fraction (ETrF) 
(ETrF) is the ratio of actual ET(ETa) to the reference ET (ETr) as shown in equation no (ii).ETr values 
for the study area were obtained from previous studies (Azad et al., 2003). ETrF is similar to crop coefficient 
(Kc) and is used to extrapolate ETa for extended periods (Ortega-Salazar et al., 2021). 
                                    
   
   
 ……………………(ii) (Ortega-Salazar et al., 2021) 
Where (ETa) is actual ET in mm, and ETr is the reference ET in mm 
 
3. Result and Discussion 
3.1. Accuracy Assessment of Crop Classification: 
An accuracy assessment of crop masks generated from sentinel-2 images was carried out using ground-
truthing points, which were noted during the field visit as shown in table 1. The overall accuracy and the kappa 
coefficient were obtained as 93% and 0.92, respectively.it was found that the crop masks from sentinel-2 
provide a good representation of the crops within Malwah command area as shown in fig no 2. however the 
obtained results can vary with the method selected for image classification and accuracy assessments statistics. 
 
Fig 2 Geospatial Map For Crop Distribution 
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Table 1. Percentage and producer Accuracy 
Classes Producer Accuracy User Accuracy 
Fallow 83.33% 83.33% 
Cotton 94.44% 100.00% 
Rice 90.00% 90.00% 
Sugarcane 92.86% 100.00% 
Bannana 100.00% 100.00% 
Overall Accuracy 93.33% 
Kappa Coefficient 0.921841 
 
3.2. Actual Evapotranspiration for major  crops in Malwah command area: 
The seasonal average actual ET for major crops identified in Malwah command area during rabi and 
Kharif 2019-2020 is shown in table 2. fig no 3,4 and 5 shows the spatial distribution of seasonal 
evapotranspiration for major crops within Malwah command area. 
  
Fig 3 Geospatial Map For Seasonal Actual ET 
 








Crop type Seasonal Average 
actual ET in mm 
Banana (perennial) 1304.2 mm 
Sugarcane (perennial) 1527.2 mm 
Cotton 536.6 mm 
Rice 814.02 mm 
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Fig 4   Geospatial Map For Seasonal Actual ET in mm of Different Crops 
 
  
Fig 5 Geospatial Map For Seasonal Actual ET in mm of Different Crops 
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This study presents an easy and efficient approach to estimating the actual ET in a data-scarce region 
where weather data and other important parameters are required to estimate the actual ET is not easily available. 
Furthermore, the application of energy balance models not only requires expertise but it takes time to process it. 
Thus the open-source interface like METRIC EEFLUX provides a quick and reliable estimate of an actual ET. 
Moreover, our accuracy assessment of the classified crop mask shows the reliability and utilization of sentinel-2 
to map major crops within the Malwah command area. 
In this study, the average actual seasonal ET of major crops was estimated using the classified masks 
which can help farmers and policymakers to adjust their water use as per the crop water requirements. Thus the 
approach presented in this study can be used as a stepping stone for tabulating an efficient irrigation schedule of 
the major crops within the command area of Malwah Distributary. 
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